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Description

[0001] The present disclosure concerns a method for
porosity estimation of a sample rock from a NMR relax-
ation spectrum.

[0002] The present disclosure also concerns a device
for porosity estimation implementing the aforementioned
method

[0003] The present disclosure additionally relates to a
computer program comprising software instructions,
which implement a method for porosity estimation, when
a computer executes them.

[0004] The method is in particular aimed at obtaining
the porosity estimation of shale rocks extracted from a
subsoil.

[0005] When drilling a well, information is extracted
from the wellbore in order to obtain a better knowledge
of different parameters of the formation, such as compo-
sition, porosity, liquid filling the formation. The target is
to determine if oil or gas can be safely and profitably
produced in the area.

[0006] Mud logging consistsinanalyzing atthe surface
the material recovered from the wellbore such as the drill-
ing liquid and/or rock samples carried by the drilling liquid,
also designated as "drill cuttings".

[0007] The drill cuttings coming from the wellbore are
generally analyzed according to different analysis sys-
tems, such as microscope, infrared spectroscopy sys-
tems, etc., inorder to derive information from this sample.
[0008] A method thathas been considered for deriving
porosity information from a rock sample is using NMR
(Nuclear Magnetic Resonance) relaxation spectrum, us-
ing the T1-relaxation time or the T2-relaxation time. Using
the T2-relaxation time, a NMR relaxation spectrum is
achieved in less than 3 minutes and provides a value of
the liquid mass present within the sample.

[0009] The analysis of NMR transverse (or T2) relax-
ation signal can provide a sensitive and accurate value
of the amount of liquid located inside of the measurement
cell by comparison to a reference. The recent develop-
ment of rare-earth magnets and high frequency electron-
ics technologies leads to the availability of low-cost com-
pact NMR spectrometers, which can be used everywhere
as soon as an electrical plug is available.

[0010] Therefore, cuttingsissued from the mud logging
analysis may be analyzed using NMR to provide highly
valuable porosity data. The data quality is however
strongly linked to the selection of cuttings and their prep-
aration in order to carefully remove all liquid located out-
side the pieces of rock without removing the liquid located
inside of the cuttings. Otherwise this would lead to erro-
neous evaluation of porosity.

[0011] Different methods have been suggested to re-
move liquid located in the inter-cuttings space and liquid
films over the surface of each cutting and capillary me-
nisci of rough surface created by large grains.

[0012] Another approach does not need to physically
remove liquid located in the inter-cuttings space and free
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liquid over the surface of each cutting but in removing
numerically the effect of these liquids in the NMR relax-
ation spectrum for the porosity estimation.

[0013] When proceeding to T1-NMR measurement or
T2-NMR measurement of a rough rock sample, i.e. sam-
ple that still have liquid in the inter-cuttings and free liquid
over its surface, the obtained amplitude in function of
relaxation time makes appear several peaks with a po-
tential overlapping and perturbation due to the contribu-
tion of excess of free liquid over its surface.

[0014] WO 2019/032783 A1 discloses methods for
decorrelating the contribution of free liquid at the surface
of the sample from the contribution of liquid trapped in
the sample, in a NMR relaxation spectrum.

[0015] The methods disclosed inthis documentare not
entirely satisfactory. Indeed, they assume that except the
free liquid at the surface of the sample, all measured
liquids are located in pores. In addition, they require sev-
eral experiments leading to considerably long time.
[0016] An object of the presentdisclosure is to suggest
a method and a related device for porosity estimation,
which is more precise than existing methods, yet being
simple to carry out.

[0017] For this purpose, the subject matter of the
present disclosure a method for porosity estimation of a
geological formation, implemented in a porosity estima-
tion device, comprising:

- obtaining data of an initial NMR relaxation spectrum
of arock sample taken from the geological formation,
wherein the rock sample includes cuttings and liquid
and obtaining a measured porosity;

- decorrelating a first contribution peak of free liquid
and inter-cuttings liquid contained in the rock sample
from the initial NMR relaxation spectrum to obtain a
first decorrelated NMR relaxation spectrum;

- further decorrelating at least a second contribution
peak of saturating liquid into a disturbed rock part of
cuttings in the first decorrelated NMR relaxation
spectrum to obtain at least a second decorrelated
NMR relaxation spectrum representative of pore’s
liquid disposed in intact pieces of rock of the cuttings;

- calculating a contribution of the pore’s liquid in the
initial NMR relaxation spectrum based on the second
decorrelated NMR relaxation spectrum;

- determininga NMR integration correction factor from
the contribution of the pore’s liquid in the rock sam-
ple; and

- estimating an estimated porosity of the geological
formation, using the measured porosity and the NMR
integration correction factor.

[0018] The method of the presentdisclosure may com-
prise one or more of the following features:

- decorrelating a first contribution peak of free liquid
comprises identifying from the highest relaxation
time an onset of the first contribution peak and a
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maximum of the first peak, calculating a shape of the
first contribution peak, and subtracting the first con-
tribution peak from the initial NMR relaxation spec-
trum;

calculating a shape ofthe first contribution peak com-
prises determining a second region of the first con-
tribution peak by taking the symmetrical of a first re-
gion of the first contribution peak extending from the
onset of the first contribution peak to the maximum
of the first contribution peak;

calculating a shape ofthe first contribution peak com-
prises adding an asymmetrical coefficient to the sec-
ond region of the first contribution peak;
decorrelating at least a second contribution peak of
liquid contained into the disturbed rock part of cut-
tings comprises determining from the highest relax-
ation time an onset of the second contribution peak
and a maximum of the second contribution peak, cal-
culating a shape of the second contribution peak,
and subtracting the second contribution peak from
the first decorrelated NMR relaxation spectrum;
calculating a shape of the second contribution peak
comprises determining a second region of the sec-
ond contribution peak by taking the symmetrical of
a second region of the second contribution peak ex-
tending from the onset of the second contribution
peak to the maximum of the second contribution
peak;

calculating a shape of the second contribution peak
comprises adding an asymmetrical coefficient to the
second region of the second contribution peak;
decorrelating at least a second contribution peak,
comprises successively decorrelating a plurality of
second contribution peaks advantageously until all
second contribution peaks beyond a predetermined
relaxation time have been decorrelated;

the cuttings contains shale or a hard low porous rock;
the initial NMR relaxation spectrum is a T1 or T2
relaxation spectrum;

during the calculation sub-step, the contribution of
pore’s liquid, in the initial NMR relaxation spectrum
is a first area below the second decorrelated NMR
relaxation spectrum,

- during the determining sub-step, a second area
below the initial NMR relaxation spectrum being
calculated, and

- the integration correction factor being deter-
mined as the ratio between the first area and the
second area;

a second calculation sub-step, after the estimating
sub-step, of a modified porosity from the estimated
porosity and a predefined corrector factor represent-
ative of the liquid in the pores presentinthe disturbed
part of cuttings,

a measuring step of the initial NMR relaxation spec-
trum of the rock sample and the measured porosity
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of the rock sample.

[0019] The disclosure also concerns a device for po-
rosity estimation of a geological formation comprising:

- anobtaining unit configured to obtain data of an initial
NMR relaxation spectrum of a rock sample taken
from the geological formation, wherein the rock sam-
ple includes cuttings and liquid and a measured po-
rosity;

- afirst decorrelation unit configured to decorrelate a
first contribution peak of free liquid and inter-cuttings
liquid contained in the rock sample from the initial
NMR relaxation spectrum to obtain a first decorre-
lated NMR relaxation spectrum;

wherein the device comprises :

- aseconddecorrelation unit configured to decorrelate
at least a second contribution peak of saturating lig-
uid into a disturbed rock part of cuttings in the first
decorrelated NMR relaxation spectrum obtained
from the first decorrelation unit, to obtain at least a
second decorrelated NMR relaxation spectrum rep-
resentative of the pore’s liquid disposed in intact cut-
tings pieces of the rock sample,

- a first calculation module configured to calculate a
contribution of the pore’s liquid in the initial NMR re-
laxation spectrum;

- a determination module configured to determine a
NMR integration correction factor from the contribu-
tion of the pore’s liquid;

- an estimation module configured to estimate a po-
rosity of the rock sample, using the measured po-
rosity and the NMR integration factor.

[0020] Other features and advantages of the present
invention will become more evident from the description
of a non-limiting, embodiment of a method for example
made in reference in the attached drawings in which:

Figure 1 is a schematic view of porosity estimation
system comprising drilling system and a porosity es-
timation device for estimating porosity of a rock sam-
ple,

Figure 2 is a method diagram, according to the
present invention, for estimating a porosity of a rock
sample, the method being implemented by porosity
estimation device of Figure 1;

Figure 3 is a schematic view of a rock sample;
Figure 4 is a schematic view of a piece of cuttings
of the rock sample of figure 3;

Figure 5 represents the amplitude of NMR signal in
function of T2 relaxation time of a rough sample, of
identified contribution of free liquid, and of first decor-
related NMR relaxation spectrum;

Figure 6 represents the amplitude of first decorrelat-
ed NMR relaxation spectrum as represented on Fig-
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ure 4, of identified contributions of inter-cuttings lig-
uid, and of second decorrelated NMR relaxation
spectrum; and

Figure 7 represents the estimated porosity in func-
tion of a depth of a well, the porosity values being
estimated with different methods, the horizontal axis
and vertical axis representing respectively the esti-
mated porosity and the depth of the well.

[0021] FIG. 1 discloses a device 2 for porosity estima-
tion that may be included in a drilling facility 5.

[0022] Such afacility 5 comprises a drilling installation
10, and the device 2 as mentioned above.

[0023] Inthe example of figure 1, the drilling installation
10 comprises a rotary drilling tool 14 able to drill a cavity
16, a surface installation 18, and an analysis unit 19 for
analyzing drilling cuttings.

[0024] A borehole 20, delimiting the cavity 16, is
formed in the substratum (or geological formation) 21 by
the rotary drilling tool 14. The geological formation is for
example a subsurface formation. At the surface 22, a
well head 23 having a discharge pipe 25 closes the bore-
hole 20.

[0025] Thedrillingtool 14 generally comprises adrilling
head 27, a drill string 29 and a liquid injection head 31.

[0026] The drilling head 27 comprises a drill bit 33 for
drilling through the rocks of the substratum 21. Itis mount-
ed on the lower portion of the drill string 29 and is posi-
tioned in the bottom of the drilling pipe 20.

[0027] The drill string 29 comprises a set of hollow drill-
ing pipes. These pipes delimit an internal space 35 which
makes it possible to bring a drilling liquid from the surface
22 to the drilling head 27. To this end, the liquid injection
head 31 is screwed onto the upper portion of the drill
string 29.

[0028] The drilling liquid is a drilling mud, in particular
a water-based or oil-based drilling mud.

[0029] The surface installation 18 comprises a support
41 for supporting the drilling tool 14 and driving it in ro-
tation, an injector 43 for injecting the drilling liquid and a
shale shaker 45. The drilling liquid circulates downwards
in the inner space 35, getting out of the inner space 35
at the bit 33 and flowing upwards in the cavity 16 to the
surface, bringing along drilling residues.

[0030] The injector43 is hydraulically connected to the
injection head 31 in order to introduce and circulate the
drilling liquid in the inner space 35 of the drill string 29.

[0031] The shale shaker 45 collects the drilling liquid
charged with the drilling residues, known as drill cuttings,
said drilling liquid flowing out from the discharge pipe 25.
The shale shaker comprises a sieve 46 allowing the sep-
aration of the solid drill cuttings 47 from the drilling mud.
The shale shaker 45 also comprises an outlet 48 forevac-
uating the drill cuttings 47.

[0032] The drill cuttings 47 have been separated from
the drilling liquid, but, as explained above, they have been
mixed with drilling liquid while they were going back to
surface for a long time and cuttings could be infiltrating
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by the drilling liquid or could have their surfaces contam-
inated by weight materials or additives of the drilling mud.
[0033] The analysis system 19 is situated at the outlet
of the shale shaker 45 and comprises a sampler 50 for
collecting rock fragments of drill cuttings from the outlet
48 of the shale shaker 45 and producing sample rocks;
a preparation unit 52 for preparing the samples obtained
from the rock fragments for analysis; and an analysis unit
54 for analyzing the samples.

[0034] The preparation and analysis units 52 and 54
have been represented here at the well site but may be
situated away in any other location, for instance at the
well site in a mud logging cabin or remotely from the well
site, in which case the collected rock fragments are sent
away from the wellbore.

[0035] When the preparation and analysis unit are at
the well site, it may be possible that all or part of the
preparation and analysis operations are automated so
as to provided an unmanned analysis system.

[0036] The analysis unit 54 comprises one or several
analyzers for measuring a porosity value of a given sam-
ple. The measured porosity value is obtained from anal-
ysis on the entire rock sample. However, as explained
below, the rock sample comprises pieces of rock (or cut-
tings) in different states as well as liquid, making it more
challenging to obtain an accurate value of the porosity
corresponding to the porosity of the rocks as found in the
drilled substratum.

[0037] As shown on figure 3, the rock sample 300 in-
deed includes several cuttings (or pieces of cuttings or
rocks) 305 and liquid comprising free liquid 310 at the
surface of the rock sample 300, inter-cuttings liquid 320
which is liquid at the interface of cuttings and cuttings
liquid 330 which is liquid situated in the cuttings.

[0038] The cuttings may include shale or hard low po-
rous rocks. As shown on figure 4, each piece of cuttings
is made of small pieces of intact rock 340 packed by
crushed material or disturbed pieces of rock 350 pro-
duced by the action of the rotary drilling tool 16. Only the
pore’s liquid 360 saturating the porosity of pieces of intact
rocks must be used to calculate the porosity of drilled
substratum as these intact rock pieces correspond to the
rocks as they are found in the substratum. The liquid 370
saturating the disturbed material must not be taken into
account. The cuttings liquid 330 is the sum of pore’s liquid
360 in the pieces of intact rock and the saturating liquid
370 in the disturbed material of each individual cuttings
[0039] The analysis unit 54 comprises a Nuclear Mag-
netic Resonance (NMR) apparatus. For instance, the us-
ing of a 20 MHz NMR spectrometer could provide a signal
which characterizes liquid located into a sample of any
porous rock including weakly bounded water molecules
over clay particles. The analysis unit 54 is configured to
produce a NMR relaxation spectrum. The NMR relaxa-
tion spectrum being optionally obtained by applying a
Carr-Purcell-Meiboom-Gill (CPMG) sequence experi-
ment to the sample rock. The NMR relaxation spectrum
is a transverse relaxation spectrum also known as spin-
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spin relaxation measurement or T2-relaxation spectrum.
[0040] The device for porosity estimation 2 comprises
at least a calculator comprising at least a processor and
a memory (not represented on figure 1). The memory
contains software modules and/or units adapted to be
executed by the processor. Alternatively, the modules
are designed at least partially as logic programmable
component, or as dedicated integrated circuits.

[0041] Inthe example of figure 1, the memory contains
a data obtaining unit 56, a first decorrelation unit 58, a
second decorrelation unit 60 and an estimation unit 62.
The device for porosity estimation 2 connected to the
output of the analysis unit 54, is configured to produce a
porosity estimation of a sample rock.

[0042] The obtaining unit56 is configured to obtain da-
ta of an initial NMR relaxation spectrum and a raw meas-
ured porosity value n of asample rock. The raw measured
porosity n is obtained by a total mass of fluid
(310+320+330), M, in the rock sample 300 defined by
the initial NMR relaxation spectrum, a total mass of the
sample, M;, a density of the solid phase of the rock, y,
and a density of the fluid y4 for example according to the
following formula:

My
Yr
n=—w—->-——(1)
G
Vf Vs

[0043] The total mass of fluid M; is obtained using the
area under the NMR relaxation spectrum and a calibra-
tion curve, as already known in the art. The total mass
of fluid represent the sum of the masses of the free liquid
310, the inter-cuttings liquid 320 and the cuttings liquid
330.

[0044] The initial NMR relaxation spectrum comprises
the contributions of free liquid 310, inter-cuttings liquid
320, the saturating liquid 370 and pore’s liquid 360. The
free liquid 310 and inter-cuttings liquid 320 have gener-
ally the contribution with the highest relaxation time while
the pore’s liquid 360 has generally the contribution with
the lowest relaxation time.

[0045] The obtaining unit 56 is forinstance, configured
to receive the data of the initial NMR relaxation spectrum
of the rock sample 300, and the measured porosity n
from the analysis unit 54 via line-based communication.
[0046] The first decorrelation unit 58 is configured to
produce a first decorrelated NMR relaxation spectrum
from the data of initial NMR relaxation spectrum received
from the obtaining unit 56.

[0047] The first decorrelation unit 58 comprises a first
identification module 64 and a first subtraction module
66.

[0048] The first identification module 64 is configured
to identify a first contribution peak 420 of free liquid 310
and inter-cuttings liquid 320 contained in the rock sample
300, from the initial NMR relaxation spectrum 410 with
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an example shown forillustration on FIG. 5. The firstiden-
tification module is configured to determine on the initial
NMR relaxation spectrum 420, from the highest relaxa-
tion time, an onset O, of the first peak and a maximum
M, of the first peak 420. The shape of the initial NMR
relaxation spectrum between the maximum M, of the first
peak 420 and the highest non-nil point relaxation time
(corresponding to the onset O,) is called the first region
R
1 of the first peak 420.

[0049] The first identification module 64 is also config-
ured to calculate a shape of the first peak 420 by deter-

)

mining asecond region = 1 ofthe first peak 420 as the

®
symmetrical of the firstregion =1 of the first peak 420
extending from the onset O, of the first peak to the max-

imum of the first peak 420. Other ways of determining

(2)
the shape of the second region 1 will be described
thereafter.
[0050] The first subtraction module 66 is configured to

subtract the first contribution peak 420 of free liquid 310
and inter-cuttings liquid 320 identified by the first identi-
fication module, from the initial NMR relaxation spectrum
410, to produce afirst decorrelated NMR relaxation spec-
trum 425.

[0051] The first decorrelated NMR relaxation 425
spectrum is substantially devoid of free liquid 310 and
inter-cuttings liquid 320 contributions.

[0052] The second decorrelation unit 60 is configured
to provide a second decorrelated NMR relaxation spec-
trum 440. The second decorrelation unit 60 comprises a
second identification module 68 and a second subtrac-
tion module 70.

[0053] The second identification module 68 is config-
ured to identify at least a second contribution peak 430
of saturating liquid 370 contained in the disturbed mate-
rial part of cuttings from the first decorrelated NMR re-
laxation spectrum 425 illustrated on FIG. 5 and 6. The
second identification module 68 is configured to deter-
mine on the first decorrelated NMR relaxation spectrum
425, from the highest relaxation time an onset O, of the

second peak and a maximum M, of the second peak

430. The shape of the first decorrelated NMR relaxation
spectrum 425 between the maximum M, of the second

peak 430 and the highest non-nil point relaxation time is

R

denoted the first region 2 of the second peak 430.

[0054] The second identification 68 moduleis also con-
figured to calculate the shape of the second peak 430 by
(2)
RZ

determining a second region of the second peak
430 advantageously as the symmetrical of the first region
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2
2 ofthe second peak 430 extending from the onset
O, of the second peak 430 to the maximum M, of the

second peak 430. Other ways of determining the shape

p®
of the second region 2 will be described below.
[0055] The second subtraction module 70 is config-
ured to subtract the or each second contribution peak
430 of saturating liquid 370 identified by the second iden-
tification module 68, from the first decorrelated NMR re-
laxation spectrum 425, leading to a second decorrelated
NMR relaxation spectrum 440.

[0056] The seconddecorrelated NMR relaxation spec-
trum 440 is substantially devoid of saturating liquid 370
contribution of disturbed material of cuttings. It only com-
prises the contribution of the pore’s liquid 360, i.e. liquid
disposed in the intact pieces of rock 340.

[0057] The estimation unit 62 is configured to estimate
the porosity n’ of the rock sample 300, from the second
decorrelated NMR spectrum 440 produced by the second
decorrelation unit.

[0058] The estimation unit 62 comprises a first calcu-
lation module 72, a determination module 74 and an es-
timation module 76.

[0059] The first calculation module 72 is configured to
calculate a contribution of the pore’s liquid 360 in the
initial NMR relaxation spectrum 410 from the second
decorrelated NMR spectrum 440 calculated by the sec-
ond subtraction module 70. The first calculation module
72 is for example configured to calculate a first area cor-
responding to the area below the second decorrelated
NMR relaxation spectrum 440.

[0060] The determination module 74 is configured to
determine a NMR integration correction factor ¢.
[0061] The determination module 74 is for example,
configured to compute a second area corresponding to
the area below the initial NMR relaxation spectrum and
to determine the NMR integration correction factor « as
the ratio between the first area and the second area.
[0062] The estimation module 76 is configured to cal-
culate an estimated porosity n’ of a rock sample 300 from
a measured porosity n obtained by the obtaining unit 56,
and the integration correction factor o determined by the
determination module 74.

[0063] The estimation module 76 is for example con-
figured to estimate the estimated porosity n’ of the rock
sample 300 according to the following equation:

' an

= i (2)

[0064] The memory optionally comprises a second cal-
culation module 78 which is configured to apply a prede-
fined corrector factor Sto the estimated porosity n’to take
into account the presence of original pores into some
particles which form the matrix (or disturbed material)
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between the pieces of intact rock 340 in the cuttings 305.
[0065] The second calculation 78 module is for in-
stance, configured to compute a modified porosity n" ac-
cording the following equation:

n” — ﬁn/ (3)

[0066] A method for porosity estimation implemented
in the previously described device for porosity estimation
2 will now be described with reference to figure 2 and
figure 4.

[0067] Initially, during a measuring step, the initial NMR
relaxation spectrum 410 and the measured porosity n
are measured. The initial NMR relaxation spectrum com-
prises data.

[0068] Atthe obtaining step 110, the device for porosity
estimation obtains the data of the initial NMR relaxation
spectrum 410 and a measured porosity n, via the obtain-
ing unit 56. Figure 5 and Figure 6 depict the amplitude
of several NMR relaxation spectra in function of the T2
relaxation time in millisecond. On Figure 4, the curve 410
shows the initial NMR relaxation signals.

[0069] Then, atthe first decorrelation step 120, the de-
vice for porosity estimation 2 decorrelates in the initial
NMR relaxation spectrum 410, the contribution of free
liquid 310 and inter-cuttings liquid 320 from the contribu-
tion of cuttings liquid 330, via the first decorrelation unit
58 as explained in relationship with FIG. 5. This step is
fulfilled through at least two sub-steps; a first identifica-
tion sub-step 122, a first subtraction sub-step 124.
[0070] During the first identification sub-step 122, the
device for porosity estimation 2 identifies a first contribu-
tion peak 420 of free liquid 310 and inter-cuttings liquid
320 contained in the rock sample 300, via the first iden-
tification module 64. During the first identification sub-
step 122, the device for porosity estimation 2 determines
for example, from the highest relaxation time the onset
O, of the first peak 420 and the maximum M, of the first
peak 420.

[0071] Still during the first identification sub-step 122,
the device for porosity estimation 2 determines the first

1)
region R1 of the first peak 420 as shape of the initial
NMR relaxation spectrum 410 between the maximum M,
of the first peak 420 and the non-nil point with the highest
relaxation time. This determination leads for instance, to
a first analytical model that fits the initial NMR relaxation

(1)

spectrum in the first region R1 of the first peak 420.
[0072] Also, during the first identification sub-step 122,
the device for porosity estimation 2 calculates the shape
of the first peak by determining the second region of the
first peak advantageously as the symmetrical of the first
region of the first peak extended from the onset of the
first peak to the maximum of the first peak.

[0073] During the first subtraction sub-step 124, the
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device for porosity estimation 2 subtracts, via its first sub-
traction module 66, the first contribution peak 420 of free
liquid 310 and inter-cuttings liquid 320 from the initial
NMR relaxation spectrum 410. This subtraction leads to
a first decorrelated NMR relaxation spectrum 425.
[0074] The device for porosity estimation 2 goes now
to the second decorrelation step 130 to produce the sec-
ond decorrelated NMR relaxation 440 spectrum from the
first decorrelated NMR relaxation spectrum 425 as
shown on Figure 6. The second decorrelation step 130
comprises at least two sub-steps: the second identifica-
tion sub-step 132 and the second subtraction sub-step
134.

[0075] During the second identification sub-step 132,
the device for porosity estimation 2 identifies at least one
the second contribution peak 430 of liquid contained in
disturbed part of cuttings 370, via its second identification
module 68. During the second identification sub-step
132, the device for porosity estimation 2 determines for
example, from the highest relaxation time the onset O,
of the second peak 430 and the maximum M, of the sec-
ond peak 430.

[0076] Then the device for porosity estimation 2 deter-
1)
mines the first region 2 of the second peak 430 as
shape of the first decorrelated NMR relaxation spectrum
425 between the maximum M, of the second peak 430
and the non-nil point with the highestrelaxation time. This
determination leads for instance, to the second analytical
model thatfits the first decorrelated NMR relaxation spec-

1)
trum 425 in the first region 2 of the second peak.
[0077] Still during the second identification sub-step
132, the device for porosity estimation 2 calculates the
shape of the second peak 430 by determining the second

2

region 2 ofthe second peak 430 advantageously as

L
the symmetrical of the first region ~ 2  of the second
peak 430 extending from the onset O, of the second peak

430 to the maximum M, of the second peak 430.

[0078] During the second subtraction sub-step 134,
the device for porosity estimation 2 subtracts, via its sec-
ond subtraction module 70, the second contribution peak
430 of disturbed part of cuttings, from the first decorre-
lated NMR relaxation spectrum 425. This subtraction
leads to a second decorrelated NMR relaxation spectrum
440

[0079] At the estimation step 140, the device for po-
rosity estimation estimates the porosity of the rock sam-
ple 300 from the measured porosity n, the initial NMR
relaxation spectrum and the second decorrelated NMR
relaxation spectrum, via its estimation unit 62.

[0080] The estimation step 140 comprises at least
three sub-steps: a first calculation sub-step 142, a deter-
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mination sub-step 144, and an estimation sub-step 146.
[0081] During the first calculation sub-step 142, the de-
vice for porosity estimation 2 calculates an area below
the second decorrelated NMR relaxation spectrum 440,
designated above as first area. This area corresponds
to the contribution of pore’s liquid 360 in the initial NMR
relaxation spectrum 410.

[0082] During the determination sub-step 144, the de-
vice for porosity estimation 2 determines, via its determi-
nation module 64, the integration correction factor afrom
the contribution of the pore’s liquid 360. To do so, the
device for porosity estimation 2 calculates for example a
second area corresponding to the area below the initial
NMR relaxation spectrum 410.

[0083] Still during the determination sub-step 144, the
device for porosity estimation 2 determines the integra-
tion correction factor « for example by determining the
ratio between the first area and the second area.
[0084] During the estimation sub-step 146, the device
for porosity estimation 2 estimates, via its estimation
module 76, the porosity n’ of the geological formation
(corresponding to the porosity of the pieces of intact rock
340) from the measured porosity n of the rocksample 300
for example according to the above mentioned equation
(1) and the integration correction factor ¢, for example
according to the above mentioned equation (2).

[0085] The estimation sub-step 146 optionally com-
prises a fourth sub-step: a second calculation sub-step
148.

[0086] Duringthe second calculation sub-step 148, the
device for porosity estimation 2 calculates, viaits optional
second calculation module 78, a modified porosity n" by
applying a predefined corrector factor g to the estimated
porosity n’ according, for example to the above men-
tioned equation (3).

[0087] With the method for porosity estimation, accord-
ing to the disclosure, the porosity estimation is more pre-
cise and simple to carry out.

[0088] Figure 6 shows the evolution of measured and
estimated porosity according to several methods, in func-
tion of a depth of a well. The horizontal axis represents
the porosity value while the vertical axis represents the
depth of the well in which one mark corresponds to 100
feet.

[0089] The firstthin curve 510 represents the evolution
of the porosity measured from the cuttings. This porosity
measurement is one input of the method according to
the disclosure.

[0090] The dotted curve 520 is the porosity estimated
after removing in the initial NMR relaxation spectrum, the
first peak relying to the free liquid 310 and inter-cuttings
liquid 320. Figure 6 highlights the improvement of such
a removal which has the same effect than the method
disclosed in WO 2019/032783 A1.

[0091] The dashed curve 530 is the estimated porosity
with the method according to the disclosure. Such esti-
mated porosity are generally lower than the values ob-
served on the first thin curve 510 and the dotted curve



13 EP 4 024 041 A1 14

520.

[0092] The very thick curve 540 is the measured po-
rosity using wire logging NMR relaxation method. This
method is known to be more precise than the measure-
ment on the cuttings.

[0093] The thick curve 550 is the measured porosity
using a density method known to be even more precise
than the NMR method but more expensive to perform.
[0094] The second thin curve 560 represents the
measured porosity using neutron method. This method
is known to be one of the most precise method. However,
this method is one of the most expensive and one of the
most time consuming method to perform.

[0095] Figure 7 highlights that estimated porosity with
the method for porosity estimation according to disclo-
sure is generally close to the estimated porosity with the
density method and even close to the estimated porosity
with the neutron method at some points. Yet the method
for porosity estimation according to the disclosure is sim-
pler and cheaper to carry out.

[0096] In addition, the method according to the disclo-
sure does not require cleaning the sample to remove free
liquid 310 and inter-cuttings liquid 320, before proceeding
to measurement. This leads to a time reduction of poros-
ity estimation. In addition, this prevents fromrisks to crush
the samples and to break the pores.

[0097] Moreover, compared to methods disclosed in
WO 2019/032783, the method for porosity estimation ac-
cording to the disclosure only require one measurement
of NMR relaxation spectrum making the method accord-
ing to the disclosure simpler.

[0098] Ina variant, during first 122 and the second 124
identification sub-step, when calculating the shape of the
first, respectively the second, peak, an asymmetrical co-
efficientis added to the second region of the first, respec-
tively the second, peak. The first and the second identi-
fication modules are also configured to add the asym-
metrical coefficient to the second region of the first, re-
spectively second, peak.

[0099] In a variant, several second peaks can be sub-
tracted fromthe first decorrelated NMR spectrum, to elim-
inate contributions in a given relaxation time interval, for
example, for T2 relaxation time comprised between the
conventional cut-off values of 33 and 512 ms correspond-
ing to fluid not located into pores defined by clays.
[0100] The method comprises separating sub-steps
132 and 134, once an initial second peak has been sub-
tracted from the first decorrelated NMR spectrum, to de-
termine and subtract at least an additional second peak,
until all peaks above a predetermined T2 relaxation time
have been subtracted.

[0101] In a variant, the device for porosity estimation
2 is not physically located in the drilling installation 10 for
porosity estimation. The device for porosity estimation 2
is able to obtain the initial NMR relaxation spectrum and
the raw measured porosity n from its obtaining unit 56
via wireless communication.

[0102] In another variant, the NMR relaxation spec-
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trum is a T1 relaxation spectrum.

Claims

1. Method for porosity estimation of a geological for-
mation, implemented in a porosity estimation device,
comprising:

- obtaining (110) data of aninitial NMR relaxation
spectrum (410) of a rock sample (300) taken
from the geological formation, wherein the rock
sample includes cuttings (305) and liquid and
obtaining a measured porosity (n);

- decorrelating (120) a first contribution peak of
free liquid (310) and inter-cuttings liquid (320)
contained in the rock sample (300) from the in-
itial NMR relaxation spectrum (410) to obtain a
first decorrelated NMR relaxation spectrum
(425);

- further decorrelating (130) at least a second
contribution peak (430) of saturating liquid (370)
into a disturbed rock part of cuttings (350) in the
first decorrelated NMR relaxation spectrum
(425) to obtain at least a second decorrelated
NMR relaxation spectrum (440) representative
of pore’s liquid (360) disposed in intact pieces
of rock (340) of the cuttings (305);

- calculating (142) a contribution of the pore’s
liquid (360) in the initial NMR relaxation spec-
trum (410) based on the second decorrelated
NMR relaxation spectrum (440);

- determining (144) aNMRintegration correction
factor («) from the contribution of the pore’s lig-
uid (360) in the rock sample (300); and

- estimating (146) an estimated porosity (n’) of
the geological formation, using the measured
porosity (n) and the NMR integration correction
factor (a).

2. Method for porosity estimation according to claim 1,
wherein decorrelating (130) a first contribution peak
(420) of free liquid (310) comprises identifying (122)
from the highest relaxation time an onset O, of the
first contribution peak (420) and a maximum M, of
the first peak, calculating a shape of the first contri-
bution peak (420), and subtracting (124 ) the first con-
tribution peak (420) from the initial NMR relaxation
spectrum (425).

3. Method for porosity estimation according to claim 2,
wherein calculating a shape of the first contribution
peak (420) comprises determining a second region

(R”)

1 of the first contribution peak (420) by taking

(R

the symmetrical of a first region * 1 )of the first
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contribution peak (420) extending from the onset
(O4) of the first contribution peak (420) to the maxi-

mum (M,) of the first contribution peak (420).

Method for porosity estimation according to claim 3,
wherein calculating a shape of the first contribution
peak (420) comprises adding an asymmetrical coef-

(Ry”)

1

ficient to the second region of the first con-

tribution peak (420).

Method for porosity estimation according to any one
of the preceding claims, wherein decorrelating at
least a second contribution peak (430) of liquid con-
tained into the disturbed rock part of cuttings (370)
comprises determining from the highest relaxation
time an onset (O,) of the second contribution peak
(430) and a maximum (M,) of the second contribu-
tion peak (430), calculating a shape of the second
contribution peak (430), and subtracting the second
contribution peak (430) from the first decorrelated
NMR relaxation spectrum (425).

Method for porosity estimation according to claim 5,
wherein calculating a shape of the second contribu-
tion peak (430) comprises determining a second re-

(R,")
gion 2 of the second contribution peak (430)
2
(R;”)

by taking the symmetrical of a second region
ofthe second contribution peak (430) extending from
the onset (O,) of the second contribution peak (430)

to the maximum (M,) of the second contribution peak
(430).

Method for porosity estimation according to claim 6,
wherein calculating a shape of the second contribu-
tion peak (430) comprises adding an asymmetrical
2
(R3)

coefficient to the second region of the second

contribution peak (430).

Method for porosity estimation according to any one
of the preceding claims, wherein decorrelating at
least a second contribution peak (430), comprises
successively decorrelating a plurality of second con-
tribution peaks (430) advantageously until all second
contribution peaks (430) beyond a predetermined re-
laxation time have been decorrelated.

Method for porosity estimation according to any one
of the preceding claims, wherein the cuttings (305)
contains shale or a hard low porous rock (300).

10. Method for porosity estimation according to any one
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10

1.

12.

13.

14.

of the preceding claims, wherein the initial NMR re-
laxation spectrum (410)isaT1 or T2 relaxation spec-
trum.

Method for porosity estimation according to any one
of the preceding claims, wherein, during the calcu-
lation sub-step (142), the contribution of pore’s liquid,
in the initial NMR relaxation spectrum (410) is a first
area below the second decorrelated NMR relaxation
spectrum (440),

during the determining sub-step (144), a second ar-
ea below the initial NMR relaxation spectrum (410)
is calculated,

and the integration correction factor («) is deter-
mined as the ratio between the first area and the
second area.

Method for porosity estimation according to any one
of the preceding claims, comprising a second calcu-
lation sub-step (148), after the estimating sub-step
(146), of a modified porosity (n") from the estimated
porosity (n’) and a predefined corrector factor () rep-
resentative of the liquid in the pores present in the
disturbed part of cuttings (350).

Method for porosity estimation according to any one
of the preceding claims, comprising a measuring
step of the initial NMR relaxation spectrum of the
rock sample (300) and the measured porosity (n) of
the rock sample.

Device (2) for porosity estimation of a geological for-
mation comprising:

- an obtaining unit (56) configured to obtain data
of an initial NMR relaxation spectrum (410) of a
rock sample (300) taken from the geological for-
mation, wherein the rock sample (300) includes
cuttings (305) and liquid and a measured poros-
ity (n);

- a first decorrelation unit (58) configured to
decorrelate a first contribution peak (420) of free
liquid (310) and inter-cuttings liquid (320) con-
tained in the rock sample (300) from the initial
NMR relaxation spectrum (410) to obtain a first
decorrelated NMR relaxation spectrum (425);

wherein the device (2) comprises :

- a second decorrelation unit (60) configured to
decorrelate at least a second contribution peak
(430) of saturating liquid (370) into a disturbed
rock part of cuttings (350) in the first decorrelat-
ed NMR relaxation spectrum (425) obtained
from the first decorrelation unit, to obtain at least
a second decorrelated NMR relaxation spec-
trum (440) representative of the pore’s liquid
(360) disposed in intact cuttings pieces (340) of
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the rock sample,

- a first calculation module (72) configured to
calculate a contribution of the pore’s liquid (360
in the initial NMR relaxation spectrum (410);

- a determination module (74) configured to de-
termine a NMR integration correction factor ()
from the contribution of the pore’s liquid (360);
- an estimation module (76) configured to esti-
mate a porosity (n’) of the rock sample (300),
using the measured porosity (n) and the NMR
integration factor («).
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FIG.2

Obtaining a NMR relaxation spectrum of the rock sample in impregnated
with liquid and a measured porosity

_—110
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Identification of the first peak in the NMR relaxation spectrum

v

Subtraction of the first peak in the NMR relaxation spectrum to obtain
the first decorrelated NMR relaxation spectrum

—124

v

130—

Indentification of the second peak in the first decorrelated NMR
relaxation spectrum

v

Subtraction of the second peak in the decorrelated NMR relaxation
spectrum to obtain the second decorrelated NMR relaxation spectrum

o

—132

134

v

140~

Calculating a contribution of pore's liquid in the NMR relaxation
spectrum

v

Determining a NMR integration correction factor

v

Estimating a porosity n' of the geological formation
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Calculating a modified porosity n" by applying a corrector factor
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